In the "Development of the New Method" section, boundary, this method should give acceptable results, Currently, this method is only derived for singlewe present the new gas flow equation and discuss the iteration scheme used to obtain the gas material phase gas flow and does not consider the effects of balance required to apply this method. This new geopressured gas reservoirs or non-darcy flow. method is verified using data froitt reservoir simulators for homogeneous reservoirs and for wells containing a vertical fracture. Three field examples are included to compare our method to the results obtained using other analysis techniques. Finally, a The purpose of this paper is to present a step-by-step development of the new method and rigorous method of estimating reservoir size and shape progransrtable algorithms for the application-of this using variable-rate production data from a gas well. 
This method is rigorously based on theory presented it is not likely that~as a function of time will be
In the "Development of the New Method" section, boundary, this method should give acceptable results, Currently, this method is only derived for singlewe present the new gas flow equation and discuss the iteration scheme used to obtain the gas material phase gas flow and does not consider the effects of balance required to apply this method. This new geopressured gas reservoirs or non-darcy flow. method is verified using data froitt reservoir simulators for homogeneous reservoirs and for wells containing a vertical fracture. Three field examples are included to compare our method to the results obtained using other analysis techniques. Finally, a The purpose of this paper is to present a step-by-step This implies that the transient data will not fall on the straight line predicted by Eq.
(1) and that these data should not reconsidered in the graphical analysis. These relations also assume that the correct adjusted time, ta, can be calculated. We provide an algorithm for the pertinant gas balance calculations in Appendix A. We also provide m algorithm of the "Golden Search" method, adapted from Scales5, for the iterative solution of this problem in Appendix B. These algorithms are written in a generic format that can easily be programed in any computer language the reader chooses.
OF THE &WMEĨ n this section we will verify the new gas flow equation and the gas balance algorithm presented in the "Development of the New Method" section. These relations will be verified using data generated with homogeneous and vertically-fractured gas well reservoir simulators. Both simulators were formulated using fully implicit flow coefficients and the generated results are considered accurate. servoir sĨ n this section, we investigated the application the new gas flow equation and the gas balance algorithm for homogeneous reservoirs.
We modeled three different rate cases: constant rate, constant pressure, and a linear rate decline.
These rate profiles are shown graphically in Fig. 1 The results of these simulations were analyzed tn two ways.
First, the volumetric average reservoir pressure in the radius of investigation, as calculated by the simulator, was used in the adjusted time calculations. Second, the gas balance algorithm was used to obtain~and make the adjusted time calculations. These results are shown in Fig. 2 However, these results suggest that the~relation calculated using the gas balance algorithm can be axtrapo;ated into the transient flow regime and accurate adjusted time calculations can be made.
The Apa/q versus~a graph for these cases is shown in Fig. 3 . As expected, all of the data lie on the same trend.
These results show that the new gas flow equation is valid, but perhaps, more importantly, the gas balance algo'"ithmwas shown to give the same results as those calculated using~from the simulator.
The gas balance algorithm also includes the production that occurred due to the difference in the transient rate profile and the post-transient rate profile extrapolated back into the transient flow regime. This "extra" gas production, not modeled by the post-transient flow equation, must be accounted for or the gas-in-place estimate will be incorrect. In this section we investigated the application the new gas flow equation and the gas balance. alaorithm for a well containing a vertical fracture. . We modeled only the constant wellbore pressure rate profile, but we considered two different dimensionless fracture conductivity (Cr) cases. The first case was for Cr=lO, which is considered to be a typical fracture treatment. The second case was for Cr=500, which is considered to be essentially infinite fracture conductivity (no pressure loss down the fracture).
This case was considered because of the availability of analytical solutions 9,10 and interpretation techniques.
10,11
The rate profiles for these cases are shown graphically in Fig. 6 . However, we feel that for general use the literature criteria (without fracture characteristics) should be used to predict the start of stabilized flow. The maximum error in the gas-in-place, G, for this case was -2.05%, which is comparable to the homogeneous cases. Table 4 shows the complete analysis for the t~tab=6802 hr case. This table includes the graphical ----results and "extra" transient gas production that was calculated by the gas balance algorithm. The maximum error in the reservoir/fracture shape factor, Cf, was less than 0.9%. The maximum error in the xf/x~ratio was -15.3%. These parameters were estimated u-sing a correlation proposed by Blasingame and Lee11 that is based an theory for an infinite conductivity vertical fracture.
Again, W* feel that these errors are acceptable.
In this section we will apply our vewmethod to three field cases. We will compare the results of our new method with the original analysis of each example. This well is a hydraulically fractured gas well completed in +,heOnondaga chert in West Virginia. The gas-in-place, G, was estimated to be 3.36 Bscf using material balance.
Fraim and Wattenbarger adjusted the constant bottomhole pressure from 500 to 710 psia to represent the lifetime average BHP. The flowrate profile for this case is shown in Fig. 8 . The results of these simulations and original rate data are shown in Fig. 8 .
System Properties for Ex=ople Well
Note that the simulation using our results passes through all of the data, except at very early time. The simulation using the results of Fraim and Wattenbarger only match the production data at late time.
This graph verifies that our analysis of this well, considering it to be vertically fractured, is valid. Fig. 10. Fig. 10 is a log-log plot of the pi (Cp) 1.170 x 10-2 1.166 x 10-2 data in Fig. 9 . This graph could be used for type curve matching on a constant rate type "curve. We Cgi (psia-l) The results using our new method compare quite well with those obtained by Blasingame, St al-using exponential decline curve analysis.
Recall that Blasingame, ei alt analyzed these data using adjusted pressure and ordinary time.
This,could, and likely does, account for the majority of the difference in the results. Since we used both adjusted pressure and adjusted t~,li~we consider our results to be correct.
RYANO CONC-
We have developed a new method for estimating gas reservoir size and shape from variable-rate production data.
Our new method is based on a rigorous gas flow equation, presented in this work, coupled with the gas material balance equation.
This method should be considered accurate so long as the reservoir outer boundary is being felt by the pressure response.
This new method was verified using numerical simulations of gas well performance in homogeneous and vertically-fractured reservoirs.
These simulations showed that the results of our new method were almost identical to the analytical solution for a particular case, The major conclusions of this work are sunxnarized below.
Gas reservoir drainage area, A, can reestimated
for both homogeneous and verticitlly-fractured reservoirs using our new method.
2. The reservoir shape factor, CA, can be estimated for homogeneous reservoirs. Also, the reservoir /fracture shape factor, Cf, and the fracture halflength, Xf, can be estimated for verticallyfractured reservoirs. 
2.
3. 
